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SUMMARY: Family aggregation of pulmonary function measurements 
was analyzed in the nuclear families of the Tucson epidemiologic 
study of airway obstructive diseases (AOD). There were 271 parental 
pairs and their natural children who had satisfactory pulmonary 
function data. Initial regression analysis showed significant 
correlations of the pulmonary function variables after controlling 
for age and sex. Body habitus, as measured by the Ponderal Index, 
was highly aggregated as well. Pulmonary function measurements 
were aggregated in families independent of family size, reported 
diagnosed AOD, and children's smoking, even though both asthma and 
smoking showed significant familial aggregation. After controlling 
for the familial aggregation of body habitus, a major determinant 
of pulmonary function, there was no remaining independent 
aggregation of pulmonary function measurements. It was also 
determined that parental passive smoking had no effect on children's 
pulmonary function measurements. 
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Introduction 

Clinicians hive noted that airways 
obstructive diseases, especially emphy¬ 
sema, appear to run in families, and 
this has been a common observation 
since the early nineteenth century (1,2). 
Except for the rare homozygotic alpha r 
amitrypsin deficiency, other genetic 
predispositions to chronic obstructive 
diseases have not been clearly demon¬ 
strated (3). Studies in England have 
^demonstrated that there is a g en e tic 
■- Basis of asthma (4, 3). Recent studies 
have demonstrated aggregation of pul¬ 
monary function in twins (6, 7)v and 
recent population studies have shown 
that pulmonary function measurements 
appear to be aggregated in families 
(S-10y 

It has long been recognized that 
body size and configuration are geneti¬ 
cally determined, yielding familial ag¬ 
gregation of body habitus; body habi¬ 
tus has a major influence on pulmo¬ 
nary function. Although adjustment 
for height to predict a person’s lung 
function is standard, this is not suffi¬ 
cient when examining interi&dividual 
correlations of body habitus with lung 
function. Thus, h is necessary to eval¬ 
uate the interaction of body habitus in 
the analysis of familial aggregation of 
pulmonary function. 

This report attempts to examine the 
relationship of pulmonary function 
measurements in the family, of body 
habitus relationships in the family, and 
the interaction thereof. The influence 
of a history of airways obstructive dis¬ 
ease is parents and children, smoking 
In parents and children, family size, 
and the influence of passive smoking, 
which are possible confounding vari¬ 
ables, ait examined as well. 

Methods 

Data on nuclear families reported herein are 
derived from the lUcson Epidemiological 
Studies of Airways Obstructive Diseases, 
which has been described previously (11). 
The population under study Is a multistage 
stratified cluster sample of white, non-Mcx- 
idan-American families in the lUcson ana. 


where stratification was on age of head of 
household and on socioeconomic tutus. 

In the first year of this study (1972-1973), 
questionnaires were completed on all sub¬ 
jects. These included a respiratory history 
and a family history with a family tree. Sub¬ 
jects 12 yr of age and older completed their 
own questionnaires. Mothers, or substitutes 
if the mothers were not available, completed 
them for children younger than 12 yr of age 
(11). Comparisons of maternal and self re¬ 
porting performed for smoking histories 
showed no discrepancies. A separate study 
showed no significant differences, in chil¬ 
dren S to II, in parental versus self reporting 
of chronic symptoms (12). Pulmonary func¬ 
tion tests were performed satisfactorily in 
over 90*71 of those 6 yr of u* And older, 
using techniques previously described (13). 

Nuclear families were defined as families 
in which there wert a mother, a father, and 
ai least one natural child of the pair. There 
were 344 nuclear families of the 1,635 fam¬ 
ilies studied (approximately 25%). The 
number of subjects involved In these nu¬ 
clear families represent about 1,400 of the 
3,100 subjects in the total study population. 
There wctc 271 families in which both par¬ 
ents and I or more of their children had 
satisfactory pulmonary function measure¬ 
ments in the first year of the study. These 
were analyzed as units. We also considered 
relationships between parent-child pairs, 
spouse pain, and sibling pain. 

The presence of airway obstructive dis¬ 
ease in the children and the parent was ob¬ 
tained from the questionnaires, as was 
smokihg history (for those 15 yr of age and 
older). Family size, obtained from house¬ 
hold records, was alio used to determine if 
It was a confounding variable. 

As previously described, all measure- 
menu were made by trained nurse inter- 


all measurements indicated no significar 
differences (11, 13). Standing height (H) i 
inches, sitting height in inches, and weigl 
(W) in pounds were used to calculate if 
Pondera! Index (14), an index of body hab 
tus (iA, H/W) k This index had the be 
correlation with pulmonary function tea 
when compared with other indexes of hoc 
habitus. 

The pulmonary function tneasuremcn 
used were: forced vital capacity (FVC 
forced expiratory volume in one wear 
(FEV,X and maximal expiratory flows aft 
50 and 73% of the FVC had been expir 
(Vraix» and Vmax fH respectively). Ea 
subject's function was first corrected f 
height and weight, using regression equ 
tions derived from data on asymptoma 
Donsmoken in this population. These a 
tected values did not explain iQ effects 
body habitus. 

Comparisons of children's and pares 
pulmonary function variables (expressed 
percent predicted) were performed fir 
before accounting for parental body ha 
tus; these were performed before and af 
Z-score transformations. The Z-scores i 
Standard normal variates: for each subje 
the ob se rved value was subtracted from i 
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group mean and divided by the group stan¬ 
dard deviation (z* » (»ijk - ljk)/xjk, for 
each i subject, j age group, k sex). This re¬ 
moved further cffecu of age and sex and 
gave all values the tame units. All pulmo¬ 
nary function variables wrrt then adjusted 
for the individual child’s Pondera! Index 
and the parental PoodtnJ Indexes (where 
significantly correlated with the pulmonary 
function variables) using regression tech¬ 
niques. The Zncorcs were recalculated for 
each of these pulmonary function variables 
within each age-sex group represented in the 
parent-child pairs. The Z-tcort technique is 
useful for looking *1 specific effects of ocher 
explanatory variables, such as smoking. 

Familial aggregation was estimated by 
analysis of variance (ANOVA), which cor¬ 
responds to the intraclass correlation as 
described by Donner and Koval (15). These 
investigators demonstrated that this method 
was slightly better than the maximal likeli¬ 
hood estimator if the true correlation was 
likely to be less than OJ. Both were better 
than the usual product-moment correlation 
method. They also demonstrated that dif¬ 
ferences in results with inclusion or exclu¬ 
sion of one child were minimal and nonsig¬ 
nificant. The multivariate components of 
variance method of ANOVA is more useful 
than other methods of examining aggrega¬ 
tion in that it gives separate estimators for 
variance components and allows usual test¬ 
ing of significance of those estimates. Anal¬ 
yses of variance were performed using the 
children's pulmonary function measure¬ 
ments as the dependent variable, using age, 
sex, smoking, and body habitus indexes of 
the children and the parents as covariates, 
with parents’ pulmonary function (as con¬ 
tinuous variables) as the explanatory vari¬ 
ables (main effects) in the ANOVA. Covari¬ 
ates were all continuous variables except 
•ex. Main effects were grouped into equal 
thirds. Two- and three-way interactions were 
examined. The regression option was used 
to remove covariate effects, other main ef¬ 
fects, and interaction effects from the con¬ 
tribution of each main fact or i using SPSS 
programs on a DEC-10 Cyber 175 Univer¬ 
sity Computer System. In the case of nu¬ 
clear family analyses using analyses of vari¬ 
ance, the analyses were done for all families 
and separately and for those with 2 or more 
children (15). For analysis of parent-child 
pain, the male/fern ale oldest child was 
used. For analysis of sibling pairs, the 2 
oldest children of each sex in the family 
were used. 


VUautts 

The characteristics of members of the 
nuclear families with pulmonary func¬ 
tion test* are shown in table 1, There 
we highly significant product-mo¬ 
ment correlations of measures of body 
habitus between all children and their 
parents, after adjusting for age and sex. 


TABLE 1 

characteristics of faaents and children 

# YEA AS Of AGE AND OLDER) IN NUCLEAR 
FAMILIES WITH PULMONARY FUNCTION 
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The linear regression of all the chil¬ 
dren's H/W 1 " on mothers* H/W 1 '* had 
a correlation (r) of 0.804 (p < 0.0001); 
with fathers, r was 0.773 (p < 0.0001). 

There were also some significant prod¬ 
uct-moment correlations of the amount 
of smoking (pack-years) between vari¬ 
ous pairs, especially between fathers 
and children siblings and spouses (p < 

0.001), even though many fewer chil¬ 
dren than parents smoke. The signifi¬ 
cant correlations were between father 
and both daughters and sons, between 
siblings, and between spouses; the 
mothers-sons correlation of smoking 
was borderline (p - 0.085). There was 
no correlation of smoking with any 
of the measurements of body size or 
habitus. 

Product-moment correlations be¬ 
tween children's and parents’ pulmo¬ 
nary function measurements were sta¬ 
tistically significant (t as much as 0.30) 
prior to adjusting for covariates. The 
most significant aggregation of a pul¬ 
monary function measurement prior to 
body habitus correction was with FVC, 
which as a volume measurement is 
most closely correlated with body habi¬ 
tus. The relationships were also strong 
and significant for FEV„ but were less 
often significant for the flow variables, 

TABLE t 

PHTgtClAN-CONFlRMED EVER ASTHMA IN NUCLEAR FAMILIES 
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However, regressions of the children’s 
percent predicted pulmonary function 
against parents* pulmonary function 
and body habitus measurements showed 
significant correlations of the children** 
pulmonary function with the parents’ 
body habitus, as well as with their own 
body habitus. After body habitus and 
age corrections, the previous correla¬ 
tions of pulmonary function variables 
between any of the pairs were no 
longer present. Thus, the relation be¬ 
tween children’s lung function and par¬ 
ents* lung function is likely to be related 
to their similar body habitus. 

Despite the aggregation of asthma 
(table 2), it was not a factor in the ag¬ 
gregation of pulmonary function meas¬ 
urements when tested by ANOVA 
There was no family aggregation of 
present diagnosed chronic bronchitis 
for emphysema. The presence of these 
other airway obstructive diseases in 
parents and/or children were not fac¬ 
tors in the relationships between pul¬ 
monary function measurements in the 
family (by ANOVA). Family *iie was 
•ot found to be a significant factor m 
*«ny of the analyses. Analyses of vari¬ 
ance for families with 2 or more chil¬ 
dren only, as well as for all families (1 
child or more), yielded similar results. 




Source: https://www.industrydocuments.ucsf.edu/docs/fqyx0000 


2023383201 



10 


TABLE 3 


CHILDREN'S VOLUME AND FLOW MEASUREMENTS IN RELATION TO FARENTS* VOLUME AND 
FLOW MEASUREMENTS, CONTROLLING FOR OTHER VARIABLES {BY ANOVA)’ 
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To tccount for all of the possible 
significant covaritbles and interactions, 
we used multivariate analysis of vari¬ 
ance to, evaluate aggregation of FVC, 
FEV t , Vmaxoo, Vmaxy». Each explana¬ 
tory variable was treated as an indepen¬ 
dent contributor to the dependent vari¬ 
able: The results for all 4 pulmonary 
function variables were similar, so only 
i volume (FVC) and 1 flow (Vmix M ) 
variable art shown (table 3)l „ 

Without covariate controls or ad¬ 
justed children’s pulmonary function, 
the parents’volume measurements con¬ 
tributed significantly to the explana¬ 
tion of the children’s measurements. 
These significant relationships for 
FVC, FEV U and Vmax* were also pres¬ 
ent after age and sex were used as co¬ 
variates and parental smoking was used 
as explanatory variables (table 3). 
However, adjusting for smoking re¬ 
duced the significance of fathers’ FVC 
and both parents’ Vmax**. Barents’ 
smoking was significant only <or 
Vmax„ (maternal smoking only). Fur¬ 
thermore; we did not find any relation 
between fathers’ or mothers’ smoking 
and their spouses* pulmonary function. 

The body habitus-corrected FVC and 


Vmax M of the children as the depen¬ 
dent variables had no significant rela¬ 
tionship with any of the explanatory 
variables, where both the parents’ pul¬ 
monary function variables had been 
corrected for body habitus as well. The 
total amount of variability explained in 
these analyses was significant for FVC 
and FEV, (p - 0.001)l 
The analyses of variance performed 
on the pulmonary function measure- 
menu of partm-oldest child, spouse, 
or sibling pairs yielded negative results. 


There wen two exceptions to this: the 
contribution of the father’s Vmax» on 
the daughter’s Vmax M was significant 
(p « 0.046); howrveT, the total variance 
explained was not significant: As that 
only left 1 of 24 comparisons signifi¬ 
cant, motber-son FVC (p of main effect 
■ 0.028), and one might expect ap¬ 
proximately 2 of these many compari¬ 
sons (n * 24) to be significant by chance 
alone (at p < 0.05), this was considered 
a chance finding. Performing the same 
analyses after correcting for smoking 
habits in the parents and children, and 
after analyzing by whether airways ob¬ 
structive diseases were present or not, 
did not change the results. 

The children’s Z-score-corrected pul¬ 
monary function variables were com¬ 
pared among smoking and nonsmok¬ 
ing parents; the results are shown in 
table 4. As can be seen, parental smok¬ 
ing did not have a significant effect on 
children’s pulmonary function; smok¬ 
ing habits of others in the household 
(predominantly siblings) did not have 
any effect either. 

EHocuooIbn 

It is generally agreed that body habitus 
is genetically determined; it certainly 
has high familial aggregation. Pulmo¬ 
nary function variables are measure¬ 
ments that are highly dependent on 
various characteristics of body habi¬ 
tus. Pulmonary function measurements 
have previously been shown to aggre¬ 
gate in families when body habitus in 
the families was not accounted for (8, 
9). In our study, we first saw strong 
correlations between parents’ and chil¬ 
dren’s pulmonary function measure¬ 
ments, significant for FVC, FEV*, and 
Vmax*. However, when we controlled 
for body habitus in the examination of 
the relationship between parents* and 
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children *i pulmonary function meas- m^ftrhuxn^ « 0.043j£Con*ider- 


mrmentt, we no longer found such re¬ 
lationships. Thus, familial correlations 
for observed pulmonary function, es¬ 
pecially FVC, were dependent on fami)- 
ial affrcfation of body habitus, even 
after controlling for afe and sex. It can 
not be construed as an overadjustment 
of familial data, as the underlying fa- 
milial aggregation is one of body habi¬ 
tus characteristics. This is more a ge¬ 
netic effect than one of dietary or en¬ 
vironmental effect, as shown by the * 
weaker relationship between siblings 
and the lack of a relationship of body 
habitus between spouses. 

On the other hand, we ffld detect a 
familial relationship of asthma between 
-children and parents independent of 
nokinf and pulmonary function 
'neasures (table 2), which confirmed 
findings of Sibbald and coworkers (4, 
5k and Tbwnley and associates (16). lb 
insure that this is not strictly a result of 
reporting bias, objective measures such 
as bronchial-reactivity would have to be 
done to confirm the relationship, as has 
been done by Townley and associates 
(16). This familial aggregation of asth¬ 
ma did not affect the findings for any 
familial aggregation of pulmonary 
function. 

We found also that smoking habitus 
aggregated in families but was prob¬ 
ably an environmental influence only. 
Spouses and siblings had the closest 
relationships of smoking habits (r - 
0-29 and 0J0, respectively). Smoking 
habits of both sons and daughters cor¬ 
related more highly with those of their 
fathers (r - 0.22 and (121, respectively) 
than with those of their mothers (r - 
0.08 and 0.03, respectively). 

Previously, we had not found a rela¬ 
tionship between children*! and par¬ 
ents* chronic symptoms by parental 
r smoking (20). When we examined ef- 



ing the number of ways in which the 
comparisons were made, this one dif¬ 
ference probably was not meaningful. 
When children's pulmonary function 
was adjusted for paternal body habitus 
as well as their own, there was no sig¬ 
nificant parental smoking contribu¬ 
tion. Alack of a relationship be t we en 
parental smoking and children's pul¬ 
monary function, even without correct¬ 
ing for parental pulmonary function or 
body habitus, had been reported by 
Spcizer and coworkers (17, IS), Schil¬ 
ling and associates (10k and Dodge 
(12). Tkger and colleagues (19) had re¬ 
ported this association, but it too might 
disappear if corrected for the family 
aggregation they found (9), and/or 
body habitus. It is possible that con¬ 
trolling for body habitus in a family 
may be controlling for other genetic 
and host factors as well. 

Finally, we did not find any signifi¬ 
cant interaction b e t w een the smoking 
habits of either parent smoking and 
their spouses* lung function (table 3), 
similar to Comstock and coworkers 
(21) and Schilling and associates (10), 
but different from Kauffmann and 
coworken (22V 
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